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Disclaimer: 

The  information  provided  in  this  document  is  intended  as  guidance  only  and  is  subject  to 
revisions  as  learnings  and  new  information  comes  forward  as  part  of  a commitment  to 
continuous  improvement.  This  document  is  not  a substitute  for  the  law.  Please  consult  the 
Specified  Gas  Emitters  Regulation  and  the  legislation  for  all  purposes  of  interpreting  and 
applying  the  law.  In  the  event  that  there  is  a difference  between  this  document  and  the 
Specified  Gas  Emitters  Regulation  or  legislation,  the  Specified  Gas  Emitters  Regulation  or 
the  legislation  prevail. 

Note  To  Waste  Heat  Recover  Project  Developers: 

Two  versions  of  the  Waste  Heat  Recovery  Protocol  have  been  developed  in  recognition  of 
two  groupings  of  projects.  The  project  types  covered  under  this  first  protocol  represent  the 
streamlined  projects,  which  typically  include  only  one  entity  or  site.  For  these  projects, 
waste  heat  from  one  operation  is  used  to  supplement  the  heat  requirement  at  another  point. 
As  such,  there  is  no  impact  to  the  operation  of  the  unit  where  the  waste  heat  is  being 
utilized. 

The  second  protocol  covers  a broader  range  of  projects  that  may  include  multiple  entities 
and  multiple  sites.  Further,  more  complex  heat  and  power  generation  configurations  from 
multiple  sources  are  contemplated.  Under  this  scenario,  there  may  be  changes  to  the 
operation  of  the  unit  where  the  waste  heat  is  being  utilized. 

To  illustrate  the  parallels  between  the  two  protocols,  numbering  and  naming  of  sources  and 
sinks  remains  constant  across  the  two  protocols.  As  such,  it  may  appear  that  there  are  gaps 
in  the  numbering  of  sources  and  sinks  in  the  streamlined  protocol.  However,  these  gaps 
correspond  to  sources  and  sinks  considered  as  part  of  the  broader  protocol. 

Any  comments,  questions,  or  suggestions  regarding  the  content  of  this  document  may  be 
directed  to: 

Environmental  Monitoring  and  Evaluation 

Alberta  Environment 
1 1th  Floor,  Oxbridge  Place 
9820  - 106th  Street 
Edmonton,  Alberta,  T5K  2J6 
E-mail:  AENV.GHG@gov.ab.ca 

ISBN:  978-0-7785-7240-4  (Printed) 

ISBN:  978-0-7785-7241-1  (On-line) 

Copyright  in  this  publication,  regardless  of  format,  belongs  to  Her  Majesty  the  Queen  in 
right  of  the  Province  of  Alberta.  Reproduction  of  this  publication,  in  whole  or  in  part, 
regardless  of  purpose,  requires  the  prior  written  permission  of  Alberta  Environment. 

© Her  Majesty  the  Queen  in  right  of  the  Province  of  Alberta,  2007 
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1.0  Project  and  Methodology  Scope  and  Description 

1.1  Protocol  Scope  and  Description 

This  quantification  protocol  is  applicable  to  the  quantifieation  of  direct  and  indirect 
reductions  of  greenhouse  gas  (GHG)  emissions  resulting  from  the  implementation  of  waste 
heat  recovery  projects.  The  protocol  quantifies  the  emission  reductions  from  the  avoidance 
of  fossil  fuel  consumption  resulting  from  the  eapture  and  utilization  of  heat  that  is  currently 
being  wasted.  The  waste  heat  may  be  transferred  into  the  project  site  where  it  is  utilized,  or 
may  be  recovered  and  used  within  the  project  site.  Projeet  configurations  where  the  waste 
heat  is  supplemented  are  also  included.  FIGURE  1.1  offers  a process  flow  diagram  for  a 
typical  project. 

The  waste  heat  recovery  protoeol  does  not  prescribe  the  configuration  of  the  scheme. 
Rather,  this  protocol  serves  as  a generic  ‘recipe’  for  projeet  proponents  to  follow  in  order  to 
meet  the  measurement,  monitoring  and  GHG  quantification  requirements.  The  project 
must  achieve  some  level  of  fuel  savings  by  capturing  and  utilizing  waste  heat. 

The  waste  heat  recovery  protocol  quantifies  emission  reductions  on  the  basis  that  the  heat 
and  power  demand  being  offset  was  being  achieved  through  fossil  fuel  eombustion,  either 
on-site  or  off-site.  Thus,  the  starting  point  for  all  quantification  is  the  heat  load  of  the 
project  and  how  this  is  being  achieved.  FIGURE  1.2  offers  a process  flow  diagram  for  a 
typical  baseline  configuration. 

The  boundary  of  the  waste  heat  recovery  protoeol  encompasses  the  reeovery,  distribution 
and  utilization  systems,  which  may  cross  site  boundaries.  Further,  the  utilization  systems 
are  defined  as  those  within  the  impaeted  unit,  i.e.  equipment,  processes,  facilities,  etc., 
whose  heat  load  is  partially  or  wholly  impacted  by  the  operation  of  the  waste  heat  recovery 
system. 

To  demonstrate  that  a project  meets  the  requirements  under  this  protocol,  the  projeet 
proponent  must  supply  sufficient  evidenee  to  demonstrate  that: 

1.  The  heat  eollected  was  not  being  used  in  either  a passive  or  an  active  manner, 
where  the  redistribution  of  this  heat  source  is  not  accounted  for  as  supplementary 
heat  under  this  protocol,  as  confirmed  by  an  affirmation  from  the  supplier  of  the 
waste  heat; 

2.  The  quantification  of  reductions  achieved  by  the  project  is  based  on  actual 
measurement  and  monitoring  (except  where  indicated  in  this  protocol)  as  indicated 
by  the  proper  application  of  this  protocol;  and, 

3.  The  project  must  meet  the  requirements  for  offset  eligibility  as  specified  in  the 
applicable  regulation  and  guidance  documents  for  the  Alberta  Offset  System. 
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FIGURE  1.1:  Process  Flow  Diagram  for  Project  Condition 
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FIGURE  1.2:  Process  Flow  Diagram  for  Baseline  Condition 
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Flexibility  in  applying  the  quantification  protocol  is  provided  to  project  developers  in  three 
ways: 

1 . The  source  of  the  waste  heat  may  supplement  their  heat  demand  either  to  replace  a 
component  of  the  heat  being  transferred  or  to  augment  the  heat  exported,  however, 
these  emissions  must  be  captured  as  supplementary  heat  and  power  under  this 
protocol; 

2.  Waste  heat  recovery  projects  may  occur  within  a single  site  or  across  multiple  sites. 
Further,  the  defined  unit  impacted,  both  on  the  recovery  and  utilization  of  the  waste 
heat,  may  include  multiple  processes,  equipment,  etc.  Definition  of  the  units 
impacted  is  to  be  justified  by  the  project  proponent; 

3.  Site  specific  emission  factors  may  be  substituted  for  the  generic  emission  factors 
indicated  in  this  protocol  document.  The  methodology  for  generation  of  these 
emission  factors  must  be  sufficiently  robust  as  to  ensure  reasonable  accuracy;  and 

4.  Waste  heat  recovery  projects  may  provide  some  or  all  of  the  heat  requirements  for 
the  facility.  Flexibility  is  provided  in  terms  of  allowing  the  broadening  of  the 
project  scope  to  include  existing,  new,  or  retrofit  supplementary  heating  both  on  and 
off  site  to  meet  the  project  energy  load. 


If  applicable,  the  proponent  must  indicate  and  justify  why  flexibility  provisions  have  been 
used. 

This  quantification  protocol  is  written  for  the  waste  heat  recovery  project  developer  or 
proponent.  Some  familiarity  with,  or  general  understanding  of,  the  operation  of  these 
practices  is  expected. 


1 .2  Glossary  of  New  Terms 

Supplemental  Heat  and  Power  Any  heat  and  power  generated  to  supplement  the  heat 

collected  from  the  waste  recovery  source(s).  This 
includes  heat  used  to  replace  the  heat  and  power 
requirements  that  may  be  impacted  by  the  project 
implementation,  to  augment  the  supply  of  heat  and 
power  and  to  cover  times  when  the  systems  from 
which  the  waste  heat  is  generated  would  not  be  able 
to  provide  the  heat  and  power  (shut-downs,  turn- 
arounds, etc.). 

Unit  The  project  unit  is  defined  as  the  equipment, 

processes  and  facilities  impacted  who  are  being 
serviced  and  impacted  by  the  waste  heat  recovery 
project.  The  project  unit  must  be  clearly  defined  and 
justified  by  the  project  proponent. 
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2.0  Quantification  Development  and  Justification 

The  following  sections  outline  the  quantification  development  and  justification. 


2.1  Identification  of  Sources  and  Sinks  (SS’s)  for  the  Project 

SS’s  were  identified  for  the  project  by  reviewing  the  seed  protocol  document  and  relevant 
process  flow  diagram.  This  process  confirmed  that  the  SS’s  in  the  process  flow  diagrams 
covered  the  full  scope  of  eligible  project  activities  under  the  protocol. 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.1,  the  project  SS’s  were 
organized  into  life  cycle  categories  in  FIGURE  2.1.  Descriptions  of  each  of  the  SS’s  and 
their  classification  as  controlled,  related  or  affected  are  provided  in  TABLE  2.1. 
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FIGURE  2.1:  Project  Element  Life  Cycle  Chart 


S3 


I 

6<n 

I 

Cl 


t 

s 

C 

Co 

s: 

O 


^ T3  p 
0.  § 


I 

St 

s 


Page  6 


Page  7 


o_ 

C 

VI 

crq 

O) 


g "13  ^ 
^ 3 00 
■ ^ O 

ft) 


ft) 

3-  c«  > 

fO  c/)  < 


^ 5’  ^ 
5 "§ 

^03 


rt-’  f)3 

CL 


HC 

ft  ^ 

^ O 


"d  c/3 

o c= 

< "T3 
^ "13 


o 


ft 

o 

ft 

13 

ft 


"d  T3 


era  o 

M-% 

(T)  ^ 

si 

wn 


o <zi 
!=b  o 

2.  ^ 
2 

o ft 
CL 

o’  2. 


era  ^ ^ 


ft 

3 3 

V T3 
S£.  O 
O 3- 

P 

3 

o 
3“ 

03 
i-t 
50 


I 

^ O 

^ 3 

O H-. 

s 3. 

2-  o 

ft  3 

CL  ^ 

5’  era 
— o 

^ 3 

3 ft 


2-  W 


2.  o 

8 3 

"3 

£■  cr 

C?)  Z 

2 o 

3 ^ 


era  3- 


31  3 
era 

50  3- 
W)  ft 

O 3^ 
3 2. 

"3  3! 

ag 


3.  O o 


® ft’  ^ 


3 O 

CL  ^ 

3^  ^ 

O ft 


CD  ^ 

era  JL 
n.  ft 
a-  o 

^ 2' 

3-.  era 

^5: 

p • 

^ a 

3 s. 

' 3 

ft 


^ i 

r-i 

c«  ft 
ft  3 


H g 
3:  p 

!/3  3 

"3  *<: 

2 3 

^ 2. 
ft 

3 2 
3 o- 

“ a 

n 2 


ft  ^ 

^ C- 
3 ^ 

a I 

^ < 
3 p 

O 3 
ft  3- 
< o 
S.  3“ 
3^  ^ 

? 2- 
ft  ft 

o'  2. 

P c/3 


tZi’  O 

3 3^ 


ft  3. 

"s.  "g 

p ft 
3 c« 
^ c« 

3 CS 
5 ft 
5 o 

3 a. 

^ 3 
ft  o 


o 3 3 

3 O 3 

3 O c/3 
CL  3-^3 
3 P O 

2 5.  2 

O o ft 
Cl  p CL 


o 

o'  3* 
ft  ft 


3 ^ 


o 

& ^ a 

CL  g P 

o s:  o- 
►3  o_  o 
o o 7^ 

< c[2  ^ 

ft  o’  o 

>-b  2 

3^  ^ ft 

a o « 

O o CL 

g ft  ^3 

5 ^ >1^ 

P cz  2. 

ft  o 

Vt  i-t 


3‘  o 

1| 

Vi  ^ 


ft  P 


i-(  CD 
2 ^ 

li'i 

CL  O 

!2  O Cl 

° S S 
S S-S 

c«  ft  ^ 

I s s 

o’ 


a g 
3 ^ 

^ o 
o 2. 

3 


ft 


O g 

3 2 

ft  ft  2 
ft  c«  ^ 
Cu  Vi  ^ 

_r  3- 

^ Vi  O 

r-r*  3 3- 

5^  3 ft 

a ^ 

3 c«' 


ft 


P 

O ^ M 

Cl  3 CC 

cz)  o’ 

p CL 

^ O 


M "3 
<0  3 
3 ^5. 


3^  o 

o H 
O'.  3* 

§ s 

3 

p 

H"< 
3“  ;-t 
ft  ft 

St 

<0  3 

M ft 

era 


e-  ^ 

ft  3* 
O ft 

’ o era 

. M ft 
ft  3 
CL  ft 

' o 2 

I' 

ft  03 
. O Vi 

a| 

V fT 

2 i 

H I 

■ era  3“ 

§ s 

2 P 


C O.  CL 

O § ^ 


ra 

o era 

CL  P 


M O 

i § M 
p ^ 3 

a|^ 

§§’- 

0^3 

^ ^2. 

3^  § a 

2-  3 a 

czi  3“  O 
g 2 g 

ft  O^ 
O 3 "g* 

a 2, 3 
3 0 2 

a ^ 3^ 

2.  3^  < 
2.  S 

C«  CZl 

O 

3* 

ft 


3 era 

i.  § 

^ I 

o'  3. 

S o 
3 

< 2 

3 g 
2 O 


3 

-Td  p 
ft  ^ 

V)  l-f 

o o 
° c 
o^  ft 

C«  M, 

2 o 
ft  o 

O 3 

3 S 

"3  S', 
o o 

3.  o 

P n 


O ^ 
O Vi 
P czi_ 

P " 

a 2^ 

2 o 


S.  "3 
o 

CZl  O 

M.  O 

o ^• 
S 3-' 
ft  p 


^ era 
f*r  era 
o 3 

CL  0 
. ft 


2-0  0 3- 


M O 
P O 
O 3 
O S£. 

ft  Q. 

P-  O 

3 

CL 

3 


M O 
O ’-i 
CL  CL 
3 


ft  o 


ft 


■T  O 

M 3- 

2-  £ 
Si  s.  o 
3 O ^ 
3^5= 
3 o 

3 a a 

^ O M- 

P ft  o 

3 


Vi  O 


■ ■ o era 

^ a a 

^03 


O ^ CL 
o ft)  5^ 
^era  -2 
3^.  P ^ 

2 3. 

c^  ^ ^ 

Lj  o’  s- 


CZl  £3 

? O 

I? 

ft  O 

< M 

3 o 
b.  ft 
O CL 

g 3 
"3  a 
o "S 

O 3 


S.  O 


3’ 

Is 

■ -V  < 3. 
S o tf) 

o a ^ 

e/3  3 3i 
^ 3^  P 


h 

o 

ft  2 

*=^3 


Upstream  SS’s  during  Project  Operatioi 


Page  8 


Page  9 


Waste  Heat  Recovery  Protocol 


Waste  Heat  Recovery  Protocol 


2.2  Identification  of  Baseiine 

The  baseline  condition  for  projects  applying  this  protocol  are  sites  where  there  is  currently 
waste  heat  that  can  have  a beneficial  use  under  the  project  condition,  which  would  offset 
the  fulfillment  of  the  heat  and  power  load  requirements  through  the  combustion  of  fossil 
fuels.  The  baseline  condition  is  defined  based  on  the  provision  of  the  equivalent  heat  load 
as  under  the  project  condition.  This  is  accomplished  by  applying  an  energy  balance  to  the 
generating,  distribution  and  utilization  systems. 

The  approach  to  quantifying  the  baseline  will  be  projection  based  as  there  are  suitable 
models  for  the  applicable  baseline  condition  that  can  provide  reasonable  certainty.  The 
baseline  scenario  for  this  protocol  is  dynamic  as  the  emissions  profile  for  the  baseline 
activities  would  be  expected  to  change  materially  relative  to  fluctuating  heat  and  power 
supply  and  demand,  as  well  as  other  market  conditions. 

The  baseline  condition  is  defined,  including  the  relevant  SS’s  and  processes,  as  shown  in 
FIGURE  1.2.  More  detail  on  each  of  these  SS’s  is  provided  in  Section  2.3,  below. 


2.3  Identification  of  SS’s  for  the  Baseline 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.2,  the  project  SS’s  were 
organized  into  life  cycle  categories  in  FIGURE  2.2.  Descriptions  of  each  of  the  SS’s  and 
their  classification  as  either  ‘controlled’,  ‘related’  or  ‘affected’  is  provided  in  TABLE  2.2. 


Page  10 


Page  1 1 


b 

a 

b 

a 

>5 

a 


2,  CD 

S H 
■o 
3 


c« 


CD  3 

3 era 


2,  ^ 

m 3 

B ^ 

DO 

3 §■ 

§ 2 
ro  "• 

3 O 

«■  3 

W — 

XI  UJ 

■i'  ® 

3 ^ 

o o- 

2 5' 

era 


S’ 

S>ico 

^•| 

o 3 


■3  a- 

o 

^ a 


o ® 

>o  °° 
fli  31 


^ s 

|S 

1^ 

a 05 


O 

a 

05* 

b 

a 

2. 

G^ 

b 

§ 

a: 

a 


b a 

si 

a 

a:  a 
a ^ 
Co 
Co 

>5* 


m 

S.  CD 

3 - 


S’  CD 
JL 

<■  y 


o 03 

^ e>j 

^ o 

ra  n 
S.  3 
o>  o 

X S 


3 . § w 

p . o^ 

2 -0  O 


d.  ei> 


o 3 


Os 

I 

S 

is 

05* 

b 

a 

2. 

b 

S 

§: 


FIGURE  2.2:  Baseline  Element  Life  Cycle  Chart 


TABLE  2.2:  Baseline  SS’s 
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2.5  Quantification  of  Reductions,  Removals  and  Reversals  of  Relevant 
SS^s 

2.5.1  Quantification  Approaches 

Quantification  of  the  reductions,  removals  and  reversals  of  relevant  SS’s  for  each  of  the 
greenhouse  gases  will  be  completed  using  the  methodologies  outlined  in  TABLE  2.4, 
below.  These  calculation  methodologies  serve  to  complete  the  following  three  equations 
for  calculating  the  emission  reductions  from  the  comparison  of  the  baseline  and  project 
conditions. 


Emission  Reduction  = Emissions  Baseline  - Emissions  Projeet 


Emissions  Baseline  “ EmissionS  Fuel  Extraction  / Processing  EmissionS  Gen  Heat  and  Power 
+ Emissions  Transfer  / Conversion  EmissionS  Unit  Operation 
+ Emissions  Electricity  Generation  EmissionS  Electricity  Usage 


Emissions  project  ~ Emissions  Fuel  Extraction  / Processing  EmissionS  Gen  Sup  Heat  and  Power 

Emissions  Distribute  Heat  and  Power  EmissionS  Gen  Heat  and  Power 
+ Emissions  Transfer  / Conversion  EmissionS  Unit  Operation 
+ Emissions  Electricity  Generation 

Where: 

Emissions  Baseline  = sum  of  the  emissions  under  the  baseline  condition. 

Emissions  Fuel  Extraction  / Processing  = cmissions  Under  SS  B1  Fuel  Extraction 

and  Processing 

Emissions  Gen  Heat  and  Power  = cmissions  Under  SS  B4  Generation  of  Heat  and 

Power 

Emissions  Transfer  / Conversion  = emissions  Under  SS  B5  Heat  Transfer  or 

Power  Conversion 

Emissions  unit  operation  = emissions  under  SS  B7  Unit  Operation 
Emissions  Electricity  Generation  emissions  Under  SS  B9  Electricity  Generation 
Emissions  Electricity  usage  = cmissions  under  SS  B1 1 Electricity  Usage 

Emissions  Project  = sum  of  the  emissions  under  the  project  condition. 

Emissions  Fuel  Extraction  / Processing  = cmissions  Under  SS  PI  Fuel  Extraction 

and  Processing 

Emissions  Gen  sup  Heat  and  Power  emissions  Under  SS  P4  Generation  of 

Supplemental  Heat  and  Power 

Emissions  Distribute  Heat  = emissions  under  SS  P5  Distribution  of  Waste  Heat 
Emissions  Gen  Heat  and  Power  = cmissions  Under  SS  P6  Generation  of  Heat  and 
Power 

Emissions  Transfer  / conversion  = cmissions  Under  SS  P7  Heat  Transfer  or 

Power  Conversion 

Emissions  unit  Operation  = emissions  under  SS  P9  Unit  Operation 
Emissions  EiccGen  - emissions  under  SS  PI  1 Electricity  Generation 
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TABLE  2.4:  Quantification  Procedures 
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2.5.2.  Contingent  Data  Approaches 

Contingent  means  for  calculating  or  estimating  the  required  data  for  the  equations  outlined 
in  section  2.5.1  are  summarized  in  TABLE  2.5,  below. 

2.6  Management  of  Data  Quality 

In  general,  data  quality  management  must  include  sufficient  data  capture  such  that  the  mass 
and  energy  balances  may  be  easily  performed  with  the  need  for  minimal  assumptions  and 
use  of  contingency  procedures.  The  data  should  be  of  sufficient  quality  to  fulfill  the 
quantification  requirements  and  be  substantiated  by  company  records  for  the  purpose  of 
verification. 

The  project  proponent  shall  establish  and  apply  quality  management  procedures  to  manage 
data  and  information.  Written  procedures  should  be  established  for  each  measurement  task 
outlining  responsibility,  timing  and  record  location  requirements.  The  greater  the  rigour  of 
the  management  system  for  the  data,  the  more  easily  an  audit  will  be  to  conduct  for  the 
project. 


2.6.1  Record  Keeping 

Record  keeping  practises  should  include: 

a.  Electronic  recording  of  values  of  logged  primary  parameters  for  each 
measurement  interval; 

b.  Printing  of  monthly  back-up  hard  copies  of  all  logged  data; 

c.  Written  logs  of  operations  and  maintenance  of  the  project  system  including 
notation  of  all  shut-downs,  start-ups  and  process  adjustments; 

d.  Retention  of  copies  of  logs  and  all  logged  data  for  a period  of  7 years;  and 

e.  Keeping  all  records  available  for  review  by  a verification  body. 


2.6.1  Quality  Assurance/Quality  Control  (QA/QC) 

QA/QC  can  also  be  applied  to  add  confidence  that  all  measurements  and  calculations  have 
been  made  correctly.  These  include,  but  are  not  limited  to: 

a Protecting  monitoring  equipment  (sealed  meters  and  data  loggers); 
b Protecting  records  of  monitored  data  (hard  copy  and  electronic  storage); 
c Checking  data  integrity  on  a regular  and  periodic  basis  (manual  assessment, 
comparing  redundant  metered  data,  and  detection  of  outstanding 
data/records); 

d Comparing  current  estimates  with  previous  estimates  as  a ‘reality  check’; 
e Provide  sufficient  training  to  operators  to  perform  maintenance  and 
calibration  of  monitoring  devices; 

f Establish  minimum  experience  and  requirements  for  operators  in  charge  of 
project  and  monitoring;  and 

g Performing  recalculations  to  make  sure  no  mathematical  errors  have  been 
made. 
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Emission  Factors  for  Fuel  Production  and  Processing 

All  values  interpreted  from  volume  1 of  the  technical  report:  A National  Inventory  of 
Greenhouse  Gas  (GHG),  Criteria  Air  Contaminant  (CAC)  and  Hydrogen  Sulphide  (H2S) 
Emissions  by  the  Upstream  Oil  and  Gas  Industry  dated  September  2004  completed  by 
Clearstone  Engineering  Ltd.  on  behalf  of  the  Canadian  Association  of  Petroleum 
Producers  (CAPP). 


Table  Al:  Emission  Factors  for  Gasoline  and  Diesel  Production 


Approximate 
Proportionate 
Amount  in  Year  of 
Emission  Factor 
Generation 

Emission  Factors 

CO2 

CH4 

N2O 

Units 

Light  / Medium  Crude 
Oil  Production 

55,588 

10^  / yr 

86.3 

4.41 

0.0038 

t/  10^ 

Heavy  Crude  Oil  Cold 
Production 

30,924 

10^  / yr 

75 

25.1 

0.0033 

t/  10^ 

Heavy  Crude  Oil 
Thermal  Production 

10,589 

10^  / yr 

594.2 

3.75 

0.009 

t/  10^ 

Weighted  Average 

0.1381 

0.0109 

4.208E-6 

kg/L 

Table  A2:  Emission  Factors  for  Natural  Gas  Production  and  Processing 


Emission  Factors 

CO2 

CH4 

N2O 

Units 

Natural  Gas  Production 

0.0427 

0.00234 

0.000004 

kg/m^ 

Natural  Gas  Processing 

0.0904 

0.00029 

3.2E-06 

kg  / 
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